An effluent receiving stream and Opa River to which it drains within Obafemi Awolowo University, South-Western Nigeria, were studied to ascertain the level of physico-chemical and biological pollution. Water samples were collected and analysed using various standard methods for planktonic abundance and selected physico-chemical parameters over a period of seven months. Most of the water quality parameters investigated showed statistically insignificant differences between the stream and Opa River, except conductivity, nitrate and turbidity. Notable parameters were nutrient level indicator (conductivity, nitrate, organic matter, COD and planktonic abundance) whose mean concentrations were higher in the effluent receiving stream than Opa River. Even more, the seasonal variations of some of the investigated parameters (sulphate, organic matter and conductivity) at both sampled stations revealed the effect of anthropogenic run-off as additional source of dissolved nutrient and chemical enrichment rather than the effluent only. Highest occurrence of Chlorophyceae and abundance of Bacillariophyceae in the studied water bodies revealed a level of organic pollution, while the low occurrence species diversity of copepod, cladocera, diptera and protozoa further connotes the unfavourable physico-chemical condition of the water bodies. However, this effect was observed to be reduced at the point where the stream emptied into Opa River. Hence, the effect of the effluent discharge may not pose a health risk to several rural communities downstream which rely on the receiving water body primarily as their source of domestic water. Nevertheless, due to the level of organic pollution recorded, it could be suggested that the oxidation pond effluent discharge should be treated and/or recycled before discharge into this natural body of water.
Introduction
The primary channels for waste disposal especially the effluents from industries, municipal waste seepages and oxidation pond effluents are flowing waters. Effluent, untreated or partially treated water usually has some concentration of nutrient, sediment and toxic substances which may have negative impact on the water quality and life forms of the receiving water (Forenshell, 2001; Schulz et al., 2003) . Water effluents from oxidation ponds are known to have high concentration of ammonium, nitrate and phosphate ions as major constituents, hence when municipal wastes is discharged into water bodies usually alter the physico-chemical quality of water such as acidity (change in pH), electrical conductivity, dissolved oxygen and temperature (Dwivedi and Pandey, 2002) . Water bodies with effluent from various sources have also been reported to have a wide spectrum of organic and inorganic chemicals and pathogens (Okoh et al., 2007) . These pathogens, when consumed by humans, especially in the developing countries where access to potable water is limited, could lead to illness and diseases (WHO, 2002) .
Oxidation pond effluents alter physical, chemical and biological nature of receiving water body (Idris-Nda et al., 2013) . The initial effect of waste is to degrade the physical quality of water. Later biological degradation becomes evident in terms of number, variety and organization of the living organism in the water (Gray, 1989) . Zooplankton could be highly responsive to nutrient level, temperature, pollution and light intensity. Hence, the diversity of species, amount of biomass and abundance of zooplankton communities can be used to determine the health of an aquatic ecosystem (Havel et al., 2000) . Whereas, the organic matter, a major component of oxidation pond effluent, promotes the growth of phytoplankton as well as macro benthic invertebrates (Adigun, 2005) . Organic matter also stimulates the growth of decomposers such as bacteria and fungi. Bacteria and fungi are very critical to the breakdown concentrated plankton volume was then put into specimen bottle and preserved with 5% formalin solution. Two drops of Lugol solution were added to the content of the bottle for precipitation of the concentrate.
Physicochemical analysis
The samples for the determination of dissolved oxygen (DO) were collected in 250/125 ml capacity glass reagent bottles, fixed in the field using Winkler's reagents and were analysed in the laboratory by titration using Winkler's method. BOD5 samples were equally collected in glass reagent bottle, but were not fixed. Biological oxygen demand (BOD) water samples were kept in dark cupboard at room temperature (25 °C) for five days after which the oxygen content was determined titrimetrically (Ademoroti, 1996) .
The analysis for sulphate, nitrate and turbidity were done by turbidimetric, brucine and colorimetric method respectively (Ademoroti, 1996) . Chemical oxygen demand (COD) and organic matter determination were based on titrimetric method using potassium dichromate as oxidizing agent and Iron (II) ammonium as reducing agent.
Planktonic analysis
The counting chamber was filled with 1.5 ml of the sample using pipette after decanting the supernatant. The counting chamber was covered with clean glass slide and examined under light microscope using ×100 objective lens. The species of plankton encountered were counted and identification was based on their morphological characteristic using the work of Fernando (2002) , Reynold (2006) , Brierley et al. (2007) , Suthers and Rissik (2009), Bellinger and Sigee (2010) . The number of individual plankton species per m 3 was evaluated by the relation:
N = ×1000
Where N = number of each species per litre, n = abundance of the species in the counting chamber, c = concentrate volume of water used, 1.5 ml, V = original volume of water sampled (15 litters).
Data analysis
Data were subjected to appropriate statistical methods including descriptive statistics, correlation analysis and t-test to assess the difference in the effect of the effluent discharge on water quality and planktonic assemblage of the sampled stream and Opa River using SPSS package (Version 21; SPSS Inc. 2012). Inter-relationship among / between physico-chemical factors and planktonic abundance was determined using PAST (Paleontological Statistics) Statistical software version 2.12.
Results and Discussion

Physico-chemical variables
The results showed that water temperature ranged from 17 °C to 23 °C and 18 °C to 26 °C in the stream and Opa River respectively. The temperature profile of the effluentreceiving stream and River Opa to which it empties did not vary significantly (Table 1 ). The temperature range did not of the toxic component of the effluent. Depletion of oxygen has been observed in effluent-receiving water bodies causing harmful substance to accumulate (Igbinosa and Okoh, 2009) . Hence, plankton community are widely utilized as bio-indicator of environmental pollution because they respond quickly to environmental stresses (Dumont, 1999; Laura and Bohrer, 2008) .
Therefore, contamination of water environment by effluent is viewed as an international problem because of the gross effect on the ecosystem. In Nigeria, the situation is no better by the activities of sewage discharge into streams and rivers. In the hereby study, the effluent-receiving stream and the river to which it empties, which both serve as source of water to some communities downstream, were analysed. The water is being used for a variety of purposes like irrigation, washing and other domestic uses, without prior treatment. The present study was to ascertain the plankton species-richness in the stream and also for the assessment of physicochemical parameters to uncover the level of ecological stress to which aquatic fauna and flora were exposed. Premised on this, the water quality of the effluentreceiving stream / river and planktonic diversity was monitored for seven months to establish its suitability for human uses.
Materials and Methods
Study area
This study was conducted on a stream receiving effluent from two waste stabilization ponds within Obafemi Awolowo University community (Latitudes 7° 27'N to 7°32'N and Longitude 4° 31'E to 4° 35'E). The stream serves as sink for the effluent from oxidation ponds in which the sewage of the university community is treated. Water samples were collected from two points along the course of the water body monthly from June to December 2010. The first sampled point was just about the point of effluent discharge into the stream (Latitude 007° 30.326'N and Longitude 004° 30.654'E at an altitude of 236 m). The second sampled point was where the stream empties into Opa River (Latitude 007° 30.378'N and Longitude 004° 30.721'E, altitude 250 m).
Sampling procedure
Physicochemical parameters such as pH, temperature, electrical conductivity, transparency and depth were determined in situ. Water samples for the analysis of DO and BOD were collected in 250 ml glass bottles, while water samples for the analysis of other parameters were collected in 2 litres capacity plastic bottles. Before sampling, each bottle was washed with detergent followed by tap water and finally rinsed several times with distilled water. The water at each sampling stations were allowed to overflow for some time then the bottles were rinsed three times with sampling water and then 2 litres of water was collected. The collection was done midstream at a depth of 30 cm below the water surface. The samples were properly tagged, air tightened and stored in a refrigerator till complete analyses were carried out.
Plankton samples were collected by straining 15 litres of water through plankton net of mesh size 46 µm. The pose any threat to the homeostatic balance of the receiving water bodies as the values were in agreement with the report of DWAF, (1996) in which the recommended limit for no risk was set between 25 °C and 40 °C. However, water temperature was found to be lower at the effluent discharge point than in the river. This was overtly incoherent with the report of Anyinkeng et al. (2016) from water bodies affected with anthropogenic activities in which the temperature of the water at the discharge point and other physicochemical properties were higher than values recorded downstream. This could have been as a result of the vegetation cover that characterised this sampled station.
The mean values of conductivity and turbidity showed significant (p < 0.05) variations between the stream and the river (Table 1 ). Higher conductivity was observed at the effluent discharge point (the stream) than in the Opa River indicating higher nutrient ions. Electrical conductivity is a useful indicator of mineralization and salinity in water. The recorded conductivity in the stream exceeded FEPA acceptable limit of 70 µScm -1 (DWAF, 1996) making the stream unsuitable for direct domestic use. The conductivity values in the River were however less than 400 µScm -1 thus of poor ionic concentration (Kemdirim, 2005) and can be classified as mesotrophic (Garg et al., 2010) , which could support diverse species of organisms. The turbidity values obtained from the waterbodies were also higher than WHO standard of 5 NTU (WHO, 2004) and FEPA guideline of 0 to 1 NTU for turbidity of water for domestic use (DWAF, 1998) . The significantly varied turbidity profiles (p < 0.05) between the two sampled sites was as reported by Igbinosa and Okoh (2009) from a treated wastewater effluent discharge receiving watershed in a rural community of Eastern Cape Province of South Africa. The higher turbidity of the stream, however, could also be linked to its shallowness as compared to the river. Moreover, mean values of nitrate, organic matter and COD were higher in the effluent receiving stream than the river, just as Anyinkeng et al. (2016) also reported in water bodies impacted with anthropogenic waste.
The mean values of pH at the stream (6.65-7.45) and in the river (6.85-7.48) were found to be within the stipulated Nigerian FEPA pH limit of between 6.0 and 9.0 for effluent discharge from sewer into water body (Ogunfowokan, 2005) .
Overlaps were observed in the range of all the physicochemical parameters investigated in the two sampled stations, except depth (Table 1) for sustaining fish and aquatic life as reported by Rao (2005) , as well as EU guidelines (Momba et al., 2006) for the protection of aquatic ecosystems in both the investigated river and stream. Low dissolved oxygen has equally been reported to be deleterious to most aquatic fauna, revealing anoxic condition from organic-rich effluent of polluted water (Kshirsagar et al., 2012) . DO values in unpolluted water normally range between 8 and 10 mg/l and concentrations below 5 mg/l affect aquatic life (Momba et al., 2006) . The BOD levels recorded in the Opa River was higher (Table 1) , suggesting other sources of organic pollution.
In this study, the nitrate concentrations differed significantly (p < 0.01) (Table 1) between the two stations, being higher in the stream than Opa River, suggesting that the effluent could be a source of eutrophication for receiving water bodies as the obtained values exceeded the most common natural concentration (0.01 mgL -1 ) as compiled by Meybeck cited Chapman et al. (1996) . The diverse group and relatively wide-ranged abundance of the phytoplankton species recorded in the stream suggested an irregularity in its chemical composition.
The highest mean value of conductivity (301.43 µScm ) at this discharge point. Moreover, according to Ogunfowokan et al. (2005) , an increase in COD could be attributed to an increase in the addition of both organic and inorganic substance from the municipal sewage treatment plants which could have promoted the planktonic growth. It has also been previously reported by Morrison et al. (2001) and Fatoki et al. (2003) that the contribution of effluent to COD level of receiving water bodies in Nigeria appears to be significant. Seasonal variation patterns recorded for conductivity and pH level from the sampled sites were similar and these decreased with rain ( Fig. 1 ) probably due to dilution by runoff. While COD and organic matter increased with rainfall at both sampled stations (Fig. 1) , the highest concentrations were recorded in September, signifying the influence of anthropogenic run-off other than the effluent on these parameters. Moreover, it was noted that conductivity reached the highest level in October and June in stream and Opa River respectively, connoting the two peaks of the rainy season. This difference in time could also be linked to other sources of dissolved nutrient/chemical enrichment than the effluent.
Biological variables
In the current study, 92 species of plankton were identified including 48 species of phytoplankton and 44 species of zooplankton. Out of the 48 species of phytoplankton recorded from the two sites, 36 species were common to both sites. The identified phytoplankton species belonged to eight classes namely Bacillariophyceae, Chlorophyceae, Crysophyceae, Cyanophyceae, Dictyophyceae, Dinophyceae, Euglenophyceae and Xanthophyceae. The highest occurrence of Chlorophyceae in both sites (Table 2 ) reflected a level of organic pollution, while dinoflagellates less-frequent occurrence was a pointer to a relatively high acidity and unfavourable condition of the water bodies (Onyema, 2013) . 41 species of the phytoplankton were recorded from the stream, of which 6 species comprising Skeletonema sp., Phaeocystis antantica (Class Bacillariophyceae), Characium gracilipipes (Class Dinophyceae), Euglena limnophila (Class Euglenophyceae), Goniochloris sculpta (Class Xanthophyceae), Aphanotheca clathrata (Class Cynophyceae) were only recorded at this site. Five out of 43 species of phytoplankton identified from Opa River were also found only in the River. These included Stephanochscus sp. (Class Bacillariophyceae), Ulothrix zonata, Anabaenopsis arnoldii, Euplotes sp. (Class Chrysophyceae) and Rivularia sp. (Class Dionphyceae). Bacillariophyceae and Chlorophyceae had the highest abundance in the stream and river respectively (Table 3) , with Bacillariophyta being the most abundant division from this study, just as they are known to be common to Nigerian freshwater (Anyinkeng et al., 2016) .
The distribution of Diatom (Bacillariophyceae) reflected the average ecological condition of the effluent receiving stream as reported by Passy et al. (2004) . The high number of diatom species at both sites might be due to immense nutrient, especially nitrate and phosphate, from the effluent discharge into the stream. The presence of Euglena species further connotes a level of organic pollution at the investigated stations. The present observation might also be influenced by the environmental factors such as temperature, pH, transparency and dissolved oxygen and phosphate that stimulated phytoplankton (algae) growth. However, the community structure is in line with Frankovick et al. (2006) assertion that the epiphytic diatom assemblage of the Florida Bay Estuary was structured by nutrient availability.
The zooplankton species observed from the two sampled sites belong to 3 phyla namely Rotifera, Arthropoda and Protozoa. Brachionus rubens, keratella tecta (Class Eurotatoria, Family Brachionidae) and Nauplius larva (Class Brachiopoda, Family Sididae) were recorded only in the Opa River, while Notholca sp. (Class Eurotatoria, Family Brachionidae) and Calanoid nauplius (Class Maxillopoda, Family Cyclopidae) were found only in the stream. Trichocerca similis was recorded throughout study period at the point of effluent discharge, followed by Filinia pejleri. Family Brachionidae has the highest abundance temporally and spatially. During the early months, Keratella valga, Lecane luna, Lecane leontina, Brachionus falcatus and Filinia pejleri (all of the Phylum Rotifera) had the highest abundance (3,400-10,200 orgm-3). Generally, from the two sites, Chaoborus sp., Trichocerca similis, Brachionus falcatus and Filinia pejleri were found to be abundant sequentially.
In the stream, phytoplankton showed higher abundance during the rainy months of June to September, while they showed higher abundance during the dry months in the river (Table 2) . However, abundance of phytoplankton decreases with rain in the stream with members of the families of Chrysophyceae, Dinophyceae, Xanthophyceae, Dictyophyceae being absent in the stream by December. A gradual raise in abundance was observed in the zooplankton population of the sampled river through the rainy months. The increase in zooplankton abundance with rain has been attributed to flood discharge resulting in release of many organisms out of the river bed or littoral zone (Adeniyi and Adedeji, 2007) . Meanwhile, the recorded overall plankton abundant in the stream than Opa River such that 6 out of 8 recorded phytoplankton families, and 4 out of 5 zooplankton groups, as well as higher planktonic abundance in the stream could be linked to nutrient constituent of the stream (Table 2) .
Phytoplankton members of the Families Chlorophyceae, Cyanophyceae, Euglenophyceae were abundantly present in the months of July and August ( Table 2 ). The highest abundance of plankton species was recorded in September and October. This could be attributed to the peak of rainfall and favourable physicochemical parameters due to dilution of water bodies which neutralised the toxic effect of the effluent. However, low percentage occurrence of zooplankton was recorded in dry season. This correlates with the findings of Onwudinjo and Egborge (1994) , who observed that in dry season, when salinity is high, few species were distributed within the deeper water. Egborge (1981) reported that zooplankton abundance is maximum only in dry season. This negates the result of the hereby study, as more zooplankton species occurred in rainy season. Diptera were not found in the early months of sampling and were found more in the stream than the river except in October. This contradicts the report of Albert et al. (2016) from Ikpoba River where Diptera were more abundant between June and August. The low species diversity of copepod, cladocera, diptera and protozoans could be due to some unfavourable physicochemical conditions of the water-bodies like conductivity, turbidity and BOD (Edokpayi, 2010) .
In the current study, there was highly significant positive correlation (Table 3) between DO and BOD (r=0.692, p=0 .006), alkalinity and turbidity (r=0.670, 0.009); phytoplankton number and sulphate (r=0.728; p=0.003), as well as zooplankton with OM and COD (r=0.777, p=0.001) ( Table 3 ). The positive correlation of plankton with DO was earlier reported by Albert et al. (2016) , which was attributed to importance of availability of nutrient for the thriving of the aquatic autotrophs and subsequently the heterotrophs. Significant negative correlation was observed between sulphate and acidity (0.686, p=0.007), zooplankton number and temperature (r=0.038, p=0.014), as well as depth with conductivity and nitrate (r=0.689, p=0.006). Nutrient, especially nitrate, has been reported to correlate with phytoplankton abundance and this assertion was found valid from the study. Holmes (2015) also reported a significant correlation of diatom species abundance with nitrate and electrical conductivity. KEY: DO-Dissolved Oxygen, BOD-Biological oxygen demand, DEPT-Depth, TURB-Turbidity, ALKT-Alkalinity, ACDT-Acidity, NITR-Nitrate, SULPSulphate, ORGM-Organic matter, COD-Chemical Oxygen Demand, P.NO-Phytoplankton number, Z.NO-Zooplankton abundance, P.ABD-Phytoplankton abundance, Z.ABD-Zooplankton abundance
Conclusions
The study revealed that the level of effluent pollutant in the water-body plays an important role in the distribution and abundance of the plankton in the stream. There was an adverse impact on some physiochemical parameter (nitrate, COD and conductivity) by the effluent discharge of sewage treatment plants. However, this effect was relatively reduced at the point where the stream emptied into Opa River. Hence, the effect of the effluent discharge may not pose a health risk to the several rural communities downstream which rely on receiving water body primarily as their source of domestic water. Though, it was obvious that the portion of the stream sampled was under ecological stress, therefore it could be suggested that the oxidation pond effluent discharge should be treated and/or recycled before discharge into this natural body of water. There is also a need for intervention of appropriate regulatory agencies to ensure qualitative monitoring and treatment of oxidation pond effluent.
